T HREE-DIMENSIONAL reconstruction of large datasets are increasingly being used in diagnostic radiology. However in this age of decreasing reimbursements and increasing workload, it is becoming more and more difficult to interpret these studies in a timely and efficient manner. Thus, new methods of data display and analysis are required to make interpretation of these data feasible. For example, virtual bronchoscopy can be used to produce detailed three-dimensional reconstructions of the airway, but it can be time consuming to navigate the virtual bronchoscopy to locate potential lesion sites. One solution to this problem is to use computer algorithms which locate potential lesions automatically. Potential lesion sites determined by the computer can then be presented to the physician who can accept or reject them on clinical grounds. But what does the radiologist do if the computer detects a large number of candidate lesion sites? To solve this problem, we have taken a computer graphics tool developed for the computeraided design community (the "Design Gallery") and adapted it by developing a new tool (the "Image Gallery") to meet the needs of the radiologist confronted with this new clinical problem. 1
METHODS
Eighteen virtual bronchoscopy reconstructions of the central airways were produced from helical CT scans of the thorax of sixteen patients. Seven patients had known endobronchial disease and the remaining nine patients served as controls.' Feature analysis was employed to identify potential endobronchiallesion sites.v" The lesion sites so identified were colored to indicate their location during virtual bronchoscopy.
The Image Gallery software was developed in C++ and OpenInventor using the RapidApp graphical application development tool (Silicon Graphics, Mountain View, CA). 6 The software was developed and evaluated on a Silicon Graphics Indigoz workstation with Maximum Impact graphics and 195 MHz MIPS RIOOOO CPU.
The Image Gallery consists of a central window surrounded by an array of 12 smaller windows (Fig I) . Both the large and small windows display the surface-rendered virtual bronchoscopy model. The central window displays an exoscopic (exterior) view of the airway. Each small window shows a close-up of a potential lesion site. In this way, up to 12 potential lesion sites at a time may be viewed simultaneously. If there are more than 12 potential lesions, additional groups of potential lesions can be displayed by clicking on a button. The location of the potential lesion site in each smaller window is indicated in the large central window using numbered arrows. The number associated with each arrow in the large window identifies the corresponding small window. Each window (both large and small) are independent "scene viewers" (using the terminology of OpenInventor), each capable of allowing manipulation of the threedimensional orientation of the airway using simple combinations of mouse motion and button presses. Thus the radiologist can fine tune the viewing angle and distance to each lesion as desired.
Menu options and push buttons in the graphical user interface of the Image Gallery provide additional capabilities. For example, potential lesion sites which are implausible due to artifact can be discarded by clicking on the "lesion" in its small window and using the Discard Lesion command. The remaining lesion sites can be saved as a new OpenInventor model. Transparency of the model can be changed using a thumbwheel to better view the lesion indicators in the central window. The lesion coloring can be turned off if desired. A formal report of a virtual bronchoscopy study can be produced, consisting of a screen capture showing the position and appearance of all nondiscarded lesions. Data describing the kept and discarded lesions, such as size or curvature, can be printed out for further analysis.
We investigated the time saving aspects of the Image Gallery by measuring the time required to evaluate the airway for endobronchial lesions. For each virtual bronchoscopy flythrough, we recorded three times: the time required to navigate the entire reconstructed airway looking for lesions, the time to look at each lesion individually using a virtual bronchoscopy navigation tool,? and the time to inspect the potential lesions using the Image Gallery. In each case, the virtual bronchoscopy was processed with our automatic lesion detection algorithm prior to inspection.> A paired two-tailed t-test was used to determine statistical significance.
RESULTS
True lesions were accurately identified using all three methods of visual inspection. There were 175 potential lesions and 30 true lesions on the 18 virtual bronchoscopy studies. Inspection times recorded using the Image Gallery (mean ± standard error of mean: 46 :±: 5 sec) were 77% faster than those obtained by navigation of the entire airway (198:±: 15 sec) (P = 8 X 10-9 ) and 51% faster than those obtained by inspection of each potential lesion site individually (95 :±: 14 sec) (P = 0.003).
DISCUSSION
We have shown that use of the Image Gallery software reduces the amount of time required to inspect the central airways for endobronchial lesions by 51% to 77%. This time savings is not unexpected since the Image Gallery presents up to twelve potential lesion sites at a time to the radiologi st. Thus, lesion sites in areas of artifact could be rapidly discarded. The Image Gallery also produce s a useful report, since it cross-references the appearance of the lesion on virtual bronchoscopy with an "exoscopic" view of the airway anatomy. Time spent proce ssing the virtual bronchoscopy studies (segmentati on, surface rendering, and automatic lesion detection) was not included in the timings since such processing can be performed off-line by a trained technologi st.
Image Gallery may also be useful for rapid evaluation of other types of virtual endoscopy, including virtual colonoscopy and virtual angioscopy.
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